Abstract-In spite of the recent studies on the phylogeny of Verbenaceae, the position of the monotypic Verbenoxylum, endemic to the Atlantic rainforest in southeastern Brazil, remains unsolved. Molecular data were here analyzed to infer the phylogenetic placement of this genus; furthermore morphological data was studied in order to examine traits that support relationships among taxa. Sequences of the plastid regions of ndhF gene and trnL-trnF intergenic spacer were analyzed to conduct phylogenetic studies with maximum parsimony, maximum likelihood, and Bayesian inference. Morphological traits that had been traditionally used to distinguish tribes within Verbenaceae, as well as those employed to characterize Verbenoxylum, were examined. Verbenoxylum is nested within the tribe Duranteae, sister to Recordia, a monotypic genus endemic to Bolivia, a placement never reported before. The morphological traits analyzed prove not to be useful to distinguish tribes but are important at lower taxonomic levels. Based on the sister relationship and morphological similarities between the genera Verbenoxylum and Recordia, we propose the inclusion of Verbenoxylum reitzii into Recordia, forming the new combination Recordia reitzii.
Taxon and Gene Sampling-The plastid regions ndhF gene, trnL intron, and trnL-trnF intergenic spacer were sequenced for field collected V. reitzii and combined with sequences from a previous molecular phylogeny of Verbenaceae (Marx et al. 2010) . Sampling in the species-rich tribes Lantaneae and Verbeneae was reduced in relation to Marx et al. (2010) . All Verbenaceae genera were included in this analysis, among a total of 79 species. The outgroup was composed of 18 species representing other families in Lamiales. Voucher information and GenBank accession numbers can be found in Appendix 2.
DNA Extraction, Amplification, and Sequencing-Total genomic DNA was extracted from silica-gel dried tissue using a modified Doyle and Doyle (1987) CTAB protocol. Amplification and sequencing were performed using protocols described in Olmstead et al. (2008 Olmstead et al. ( , 2009 ) with primers listed in Olmstead and Sweere (1994) and Taberlet et al. (1991) . The PCR products were purified by precipitation from a 20% polyethylene glycol solution and washed in 70% ethanol (Dunn and Blattner 1987) .
Phylogenetic Analyses-Sequences were assembled and edited with Sequencher 4.5 (Gene Codes Corp., Ann Arbor, Michigan, U. S. A.) and manually aligned using Se-Al 2.0a11 (Rambaut 2002) or with MAFFT v.6 (http://mafft.cbrc.jp/alignment/server/) followed by manual adjustments. Nucleotide composition and variable sites were estimated using Mega 5 (Tamura et al. 2011) .
Gaps from the ndhF and trnL-trnF sequences were coded as binary characters (Graham et al. 2000; Simmons and Ochoterena 2000) using GapCoder (Young and Healy 2003) and combined into a single dataset with the plastid regions in all analyses.
Maximum parsimony (MP) analyses were conducted in PAUP* 4.0b10 (Swofford 2002) . Heuristic searches were performed with 1,000 replicates of random sequence additions, maximum of 10 trees saved per replicate, Fig. 1 . Map of South America showing known localities of distribution of Verbenoxylum reitzii (black squares) and Recordia boliviana (white squares). Voucher information can be found in Appendix 1. 
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and tree-bisection-reconnection (TBR) branch swapping. Characters were unordered and equally weighted. Statistical support was estimated using 1,000 bootstrap (BSP) replicates (Felsenstein 1985) with three random addition replicates.
For maximum likelihood (ML) analyses and Bayesian inference (BI), the evolutionary models were selected using jModelTest 0.1.1 (Guidon and Gascuel 2003; Posada 2008) with Akaike Information Criterion (AIC). A TVM + G model was determined to best-fit both ndhF and trnL-trnF. Because the same model was selected and they are both plastid regions, they were concatenated. The gaps were treated as binary characters in the analyses. Maximum likelihood analyses were conducted using GARLI 2.0 (Zwickl 2006) with two independent search replicates and 1,000 bootstrap (BSL) replicates. The consensus tree was constructed in PAUP* 4.0b10 (Swofford 2002) .
The BI analyses were performed using MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) with 10 million generations sampled every 100 generations in two independent runs, each with four simultaneous Markov chains initiated with a random tree. The convergence between runs was checked with Tracer 1.5 (Rambaut and Drummond 2009) . The first 25% of the sampled trees were discarded as burn-in and the remaining were used to build a consensus tree.
Morphological Ancestral State Reconstruction-We analyzed twelve morphological characters (Appendix 3) that were important in the taxonomy of the family or were used to distinguish taxa from Verbenoxylum (Schauer 1847; Briquet 1895; Junell 1934; Troncoso 1971 Troncoso , 1974 Sanders 2001; Atkins 2004) (Table 1 ). The character states were mapped into the Bayesian consensus tree obtained in the molecular analyses, using parsimony in Mesquite 2.75 (Maddison and Maddison 2011) , according to the literature and herbaria specimens. The tree was collapsed to tips that represent the Verbenaceae genera and with outgroup taxa removed.
Results
Phylogenetic Analyses-The gene region ndhF presented sequence lengths from 2,071-2,140 bp, with the aligned sequence including 1,164 conserved, 940 variable, 660 parsimony informative characters, a consistency index (CI) of 0.51, and a retention index (RI) of 0.75. Sequence lengths of trnLtrnF ranged from 891 bp to 1,232 bp, with the aligned sequence including 605 conserved, 447 variable, 276 parsimony informative characters, a CI of 0.64, and a RI of 0.8. The total length of the combined data unambiguously aligned was 3,372 bp, being 1,769 conserved, 1,387 variable, and 936 parsimony informative sites and 209 gaps that were scored as binary characters in the analyses. The combined dataset presented a CI of 0.56 and a RI of 0.78.
The MP, ML, and BI trees have similar topologies and are consistent with respect to relationships among genera within Verbenaceae. The analyses using the two plastid regions confirm the results previously obtained by Marx et al. (2010) for the phylogenetic relationships within Verbenaceae. Verbenoxylum forms a well-supported clade (BSP = 100, BSL = 100, PP = 1.00) with genus Recordia, within the tribe Duranteae Bentham, with these two genera sister to Duranta (BSP = 81, BSL = 90, PP = 0.92) (Fig. 2) . The rest of the tribe forms a second clade comprising Bouchea Cham., Chascanum, and Stachytarpheta Vahl (BSP = 100, BSL = 100, PP = 1.00). Genera from the tribe Duranteae as circumscribed here are illustrated in Fig. 3A -F. Matrices and final tree files can be accessed on TreeBASE (study number S13802).
Morphological Analyses-We mapped character states for twelve discrete morphological traits for all Verbenaceae genera (Fig. 4A -L) . All characters are shown to be homoplastic among tribes within the family, but can be important to distinguish genera within a tribe. Characters are described in Appendix 3, and ancestral state reconstructions along with their utility for distinguishing genera in Duranteae are summarized in Table 2 . Some characters have ambiguous reconstructions (more than one state can be the basal condition) for the common ancestor (for the family or tribe) due to the lack of information for a taxon or because the states are equally parsimonious. Morphological details of V. reitzii are shown in Fig. 5 .
The tribe Duranteae is composed of two clades, one formed by Duranta, Recordia, and Verbenoxylum (D + R + V) and the other by Bouchea, Chascanum, and Stachytarpheta (B + C + S). Many morphological differences were found between these two clades, contributing to the lack of a single morphological synapomorphy that could distinguish this tribe from the rest (Fig. 4A-L) .
Within Duranteae, the D + R + V clade shares one synapomorphic trait: presence of linear floral bracts (Fig. 4H ). Pedicellate flowers (Fig. 4I ) are found in all members of the D + R + V clade, constituting a plesiomorphic trait for this clade, however it helps to distinguish the latter from the B + C + S clade, where sessile flowers constitute a synapomorphy.
Duranta has two synapomorphic traits: fleshy fruits ( Fig. 4B ) and four carpels (Fig. 4C) . The presence of a short style (Fig. 4E) differentiates Duranta from the rest of Duranteae. However, this trait is ambiguously reconstructed for the ancestor of the tribe, thus it is not possible to distinguish this as the synapomorphic or the plesiomorphic condition for Duranta.
The Recordia + Verbenoxylum clade has four synapomorphic traits: they are trees (Fig. 4A) , have long stamen filaments (Fig. 4J) , divergent thecae (Figs. 4K, 5O) , and exerted anthers (Figs. 4L, 5N) . A bicarpellate ovary (Fig. 4C) is also shared by the Recordia + Verbenoxylum clade, but this character is ambiguously reconstructed, so the state for the ancestor of Duranteae is unknown.
The B + C + S clade is supported by two synapomorphic traits: herbs or suffrutescent shrubs (Fig. 4A ) with sessile flowers (Fig. 4I) . Presence of one carpel (Fig. 4C ) also characterizes this clade but it is not possible to distinguish which state of this trait is derived or plesiomorphic due to the ambiguous reconstruction for the ancestor of Duranteae. The Bouchea + Chascanum clade shares two synapomorphies: an oblique stigma (Fig. 4D ) and absence of a staminode (Fig. 4G) . Genus Stachytarpheta has two synapomorphic traits: two fertile stamens (Fig. 4F) , and vertical thecal orientation (Fig. 4K) .
Discussion
Phylogenetic Position of Verbenoxylum Within VerbenaceaeOur results strongly support the placement of V. reitzii within the tribe Duranteae, as sister to Recordia boliviana Moldenke (Fig. 2) . These two species are sister to Duranta, composing a clade sister to the rest of the tribe, represented by genera Bouchea, Chascanum, and Stachytarpheta. Marx et al. (2010) showed that Citharexyleae of earlier classifications (Troncoso 1974; Sanders 2001; Atkins 2004) was not monophyletic, which left open the question of which clade Verbenoxylum belonged to. Troncoso (1971) mentioned affinities between Verbenoxylum and Recordia, such as similar habit and similar flowers. However, a placement near Citharexylum, rather than Duranta, was implied in those classifications. The tribe Duranteae was established by Bentham (1839) , composed of four genera: Citharexylum, Duranta, Petrea L., and Rhaphithamnus. In the molecular phylogeny of Verbenacaeae proposed by Marx et al. (2010) , the tribe is circumscribed to include Bouchea, Chascanum, Stachytarpheta, Duranta, and Recordia. Our phylogenetic analyses suggest that V. reitzii also belongs to this tribe (Appendix S1, see online Supplemental Data). This expands the composition of Duranteae and resolves the placement of Verbenoxylum to tribe.
Morphological Characters Within Duranteae-With a well-resolved phylogeny for the family it is possible to interpret the evolution of morphological traits and to evaluate the characters used traditionally to distinguish tribes or genera. According to our results, none of the twelve characters here studied are informative for distinguishing tribes within the family but they can be important to distinguish genera or suprageneric groups within a tribe. These traits probably have multiple origins within Verbenaceae (Fig. 4A-L) . Marx et al. (2010) mentioned that none of the traditional treatments for Verbenaceae matches their molecular phylogeny, suggesting that homoplasy is frequent in the characters used in those classifications. A synapomorphic trait to support Duranteae, as here circumscribed, was not identified. However, the morphological characters here studied can be important to define groups within this tribe ( Fig. 4A-L ; Table 2 ).
Recordia and Verbenoxylum (Duranteae), and Citharexylum and Rehdera (Citharexyleae) are the only genera in Verbenaceae with species that are trees. Within Duranteae, this character is a synapomorphy for the Recordia + Verbenoxylum clade, having evolved from ancestors that were shrubs or small trees. On the other hand, in the ancestor of the B + C + S clade there was a shift to herbs or suffrutescent shrubs (Fig. 4A) .
Dry fruits are present in the majority of Verbenaceae genera. However, Duranta has fleshy fruits, and constitutes the only genus in Duranteae without dry fruit. Sanders (2001) associated Duranta with Citharexylum by the presence of fleshy fruits. Nevertheless, our study shows that fleshy fruits have evolved independently in both genera. Fruit type was one of the morphological differences noticed by Troncoso (1971) to distinguish Verbenoxylum from Citharexylum, being dry in the first (Fig. 5E-F) and fleshy in the latter (Fig. 4B) .
In Verbenaceae, plants can have one, two, or four carpels. In Duranteae, the B + C + S clade is characterized by one carpel, Recordia + Verbenoxylum clade has two carpels (Fig. 5H) , and Duranta is the only genus in the family with four carpels. A shift from two to four carpels is the most probable explanation for the carpel condition in Duranta. This means that the ancestor of the D + R + V clade probably had two carpels and this might constitute a synapomorphy for this clade. However, the ancestral carpel condition in Duranteae remains uncertain in this analysis (Fig. 4C) .
A capitate stigma is plesiomorphic in Verbenaceae and is the state shared by most Duranteae (Fig. 5I) . However, an oblique stigma, which also is found independently in several 2013] THODE ET AL.: PHYLOGENETIC POSITION OF VERBENOXYLUM 
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other tribes, is a synapomorphy for the Bouchea + Chascanum clade (Fig. 4D) . Style length is ambiguously reconstructed for the ancestor of Duranteae, nevertheless the presence of a short style (less than three times the ovary length) in Duranta separates this genus from the rest of the tribe, which have long styles (more than three times the ovary length). Style length was another trait mentioned by Troncoso (1971) to segregate Verbenoxylum, with a long style, from Citharexylum, with short styles. However, in extraordinary cases, species of Citharexylum from Central America can have long styles (Gibson 1970) . This character has been used traditionally to distinguish the genus Glandularia J.F. Gmel. from Verbena L. (Botta 1993; O'Leary et al. 2010) (Fig. 4E) .
Most Verbenaceae have four fertile stamens (Fig. 5O) , only the monotypic genus Hierobotana Briq., from the tribe Verbeneae, and Stachytarpheta have two fertile stamens, thus distinguishing Stachytarpheta within Duranteae (Fig. 4F) .
Presence of a staminode is less frequent within Verbenaceae than absence. Within Duranteae, presence of staminode is a plesiomorphic state found in Stachytarpheta, Recordia (Fig. 5O) , Verbenoxylum, and certain species of Duranta. This last genus has species with and without staminodes, as well as taxa with five fertile stamens, showing that this trait is variable within Duranta. Absence of a staminode is a synapomorphy for the Bouchea + Chascanum clade (Fig. 4G) .
The shape of the floral bracts in Verbenaceae is quite variable and often is used to distinguish species within a genus (e.g. Atkins 2005; Thode and Mentz 2010). However, linear floral bracts constitute a synapomorphy for the D + R + V clade. The linear floral bracts found in the Recordia + Verbenoxylum clade (Fig. 5D, L) are usually difficult to observe in herbarium material because are early deciduous. The genera from the B + C + S clade has lanceolate floral bracts (Fig. 4H) .
Within Duranteae, the presence of a floral pedicel (longer than 2 mm) is a plesiomorphic state for the D + R + V clade, and sessile flowers is a synapomorphy for the B + C + S clade (Fig. 4I) .
Anthers subtended by a long filament (more than 2 mm long) are found in a few taxa within Verbenaceae, with sessile or subsessile anthers occurring most frequently in the family. In Duranteae, presence of long filaments constitutes a synapomorphy for the Recordia + Verbenoxylum clade (Fig. 5O) .
Duranta species have subsessile filaments; however there is one species, Duranta serratifolia (Griseb.) Kuntze, which has long filaments. Troncoso (1971) used this character to distinguish Verbenoxylum from Citharexylum, with sessile or subsessile anthers in the latter (Fig. 4J) .
The most common thecal orientation in Verbenaceae is parallel. Divergent thecae are present in Rhaphithamnus, Coelocarpum, and within Duranteae is a synapomorphy for the Recordia + Verbenoxylum clade (Fig. 5O) . Vertical thecae are a synapomorphy for Stachytarpheta. The rest of the tribe have parallel thecae. Troncoso (1971) used this trait to segregate Verbenoxylum, with divergent thecae, from Citharexylum, which has parallel thecae (Fig. 4K) .
In Verbenaceae anthers are most frequently included in the corolla tube. Nevertheless, exerted anthers appear independently several times in all Verbenaceae tribes, except in the tribe Citharexyleae. In Duranteae, exerted anthers state is a synapomorphy for the Recordia + Verbenoxylum clade (Fig. 5N) , thus this character is useful to differentiate these taxa from the rest of the tribe (Fig. 4L) .
The twelve characters studied here showed to be informative to distinguish taxa within Duranteae ( Table 2 ). The Recordia + Verbenoxylum clade is morphologically distinct from the rest of the genera in the tribe (Figs. 3A-F, 4A-L). Verbenoxylum and Recordia differ from the other genera by five traits: both are trees, have a bicarpellate ovary, flowers that have anthers with long filaments, with divergent, and exerted thecae. The floral traits of the Recordia + Verbenoxylum clade seem to show a distinct reproductive strategy comparing with the rest of the tribe, possibly associated with different pollinators, but further biological studies on both taxa are necessary. The differences between the two genera lie in floral bract, calyx, and leaf pubescence and margins, with Verbenoxylum being almost glabrous and having serrated leaves, and Recordia being hirsute and having entire leaf margins (Fig. 5A-F) . Both are narrow endemics and monotypic; Verbenoxylum is distributed in the subtropical Atlantic rainforest in Rio Grande do Sul and Santa Catarina, Brazil. Recordia is endemic to Bolivia, common in the low mountains west of Santa Cruz de la Sierra, on the highway between Samaipata and Cochabamba (M. Nee, pers. comm.), occurring between 500 and 1,850 m above sea level in dry subtropical semi-deciduous forest (Fig. 1) .
New Combination-Our molecular and morphological analyses strongly support the combination of Verbenoxylum reitzii and Recordia boliviana as a single genus, despite the Table 2 . Results for the ancestral state reconstruction using parsimony analyzed with Mesquite. B = Bouchea; C = Chascanum; D = Duranta; R = Recordia; S = Stachytarpheta; V = Verbenoxylum. large distributional gap. Our results show that the molecular and morphological differences do not justify different generic rank. We propose a new combination for Verbenoxylum reitzii, transferring it to the genus Recordia, and reducing Verbenoxylum to synonymy. Consequently, Recordia is now circumscribed to include two species, Recordia reitzii endemic to Brazil and Recordia boliviana endemic to Bolivia.
Taxonomic Treatment
Recordia reitzii (Moldenke) Thode & O'Leary, comb 
